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SuMMAm

A calculationprocedureis describedbywhichthedimensionsofthe
coreofa gas-to-gascrossflowheatexchangerwithprescribedheat-
transfersurfacecanbe determinedrapidly.Theprocedureisbasedona
numberof chsrtsthatmaybe preparedforeachsurfacewithprescribed
entranceconditions,pressuredrops,andtemperaturechanges.TheRey-
noldsnumbersthatdeterminetheflowvelocitiesonbothsidesoftheheat
exchangeraswellasthethreebasicWnensionsoftheheat-exchangercore
arefoundby readingvaluesfromthechartsandperforminga fewsimple
calculations.

INTRODU’WCON

Gas-to-gasheatexchangersfindmanyusesinmodernaircraftand
missiles.They=e used,forinstance,in air-conditioningunits,which
arenecessaryforcabincooling,andforthecoolingofelectronicand
otherequipment.Suchheatexchangersmayalsobe usedin,turbojetor
turbopropenginestoreducethetemperatureoftheairusedforcooling
theturbineorotherenginepartssubjettedtohighgastemperatures.
Thisairisusuallybledfromthecompressoroftheengineatvarious
stages.Theamountofairrequiredmaybe substantiallyreducedifit
is cooledina heatexchangerto temperaturesbelowthebleed-offtemper-
ate. Rsmaircanbe usedinthisapplicationas secondsryair,which
coolscompressorbleedairbeforeitis ductedtotheturbineorto other
e@.neparts.

Usuallya largenumberof calculationshavetobe carriedoutfor
thedesignof sucha heatexchangerinorderto determinea sizethatwill
fulfillthespecifiedrequirements,especiallyif theheat-exchangerchar-
acterstiesarestudiedovera rangeof conditions.Itis thereforeof
advantagetohavea simplemethodavailablebywhichthedimensionsof
theheat-exchangercorecanbe rapidlycalculated.In applicationsof
thisnature,theheat-exchangerinlet-airconditions,thepressuredrops
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2 NICATN 3655

available,andtheair-flowquantitiesalongbothsidesoftheheatex-
changerareusuallyprescribedaswellastherequiredtemperaturechange
oftheprimaryair. smallweightandvolumesreofprimeimportance.
Thislatterrequirementcanbe metbyusingcompactheat-exchangersur-
facessuchastheonesinvestigatedatStanfordUniversity(ref.1).
Crossflowoftheprimaryandsecondaryairin theheatexchangerisusual-
lyappliedbecauseit simplifiestheductingofbothgasstreams.

ManycalculationsofthisnaturewererecentlymadeattheNACALewis ~
laboratory.Fromtheexperiencecollectedin thiswaya procedurewas s
developedthatappearsto givethedesiredresults.Itisthepurposeof m
thisreportto describethiscalculationprocedureandtopresentanexam-
pleofitsuse. Heattransferfromairtoairis studiedin theexample;
however,themethodcanbe usedgenerallyforgas-to-gasheatexchangers.

A

A’

cc

Ce

5

d

f

G

h

Kc

Ke

%

k

SYMBOLS

Thefollowingsymbolswithconsistentunitsareusedinthisreport:

heat-transferarea

free-flowarea

constant(seeeq.(17))

constant(seeeq.(17))

specificheatat constantpressure

hydraulicdiameter

frictionfactor

massvelocity,m/A1

heat-transfer

pressure-loss

pressure-loss

constant(see

coefficient

coefficientforabruptcontraction

coefficientforabruptexpansion

eq.(19))

thermalconductivity
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heat-exchangercoredimension

one-halffinlength(seefig.3)

mass-flowrate

Prandtlnumber,~/k

pressure

gasconstant

Reynoldsnumber,Gal/V

finthickness

Stantonnumber,

temperature,W

h/Gcp

heat-transferparameter(numberoftransfertits)

over-allheat-transfercoefficient

specificvolume ‘

heat-transfersuxfaceareaperunitvolume

fineffectiveness

thermaleffectiveness

surfaceeffectiveness

viscosity

ratiooffree-flowareatofrontalarea

Subscripts:

ex exit

f fin

i inlet

——.— . .—.—— ——- ——. —-———
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m

max

min

n

1

2

mean

msximum

minimum

no-flowdirection

fluidon onesideofheatexchanger

fluidonothersideofheatexcha~r

ANALYSIS

Thepurposeof a heatexchanger
to another.Inthisanalysisoneof
notedby thesubscript1,theother
is cooledandwhichisheatedinthe

istotransferheatfromonefluid
thefluidswillarbitrsxilybe de-
by 2,withoutspecifyingwhichone
exchanger.

PrescribedConditionsandGeomet~

Thefollowingvaluesareassumedasprescribedinthisanalysisof
a heatexchanger:theentranceconditionsforbothfluidsPI,Tl,P2,

and T2jthemass-flowratesofthetwoflui.timl and m2;th Mffer-
encebetweentheetitandentrancetemperaturesofoneofthefluidsin
theheatexchanger‘1 or AT2;andtheavailablepressuredropsfor
bothfluidsApl and Ap2.

Thetemperaturechangeforthesecondmediumflowingthroughthe
exchangeris immediatelyfixedby theheat-balanceequation,which(neg-
lectingheatlossesfromtheheatexchangertothesurroundings)is

/
%Cp,l% +

Inthisreporta positivevalueof
crease.Cooling@? a fluidinthe
valueof AT.

m2cp,AT2= O (1)

AT alwaysdenotesa temperaturein-
exchangerisinMcatedby a negative

Itis alsoassumedthata specificgeometryhasbeenchosenforthe
heatexchanger(forinstancea finned-tubearrangementas showninfig.
1)andthat,correspondingly,theparametersdescribingthisgeometryue
known.Theseparametersarethehydraulicdiametersforthepassagesof
bothfluids~ and d2,thethicknessoffins Sl and S2,Wtichmay
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be usedonbothsidesof
flowtofrontalareafor

theheat-exchanger
bothflowpassages

5

surface,theratiooffree-
0, and ISo,andtheheat-

transferareaperuuitvolumeoftheheat-exchan~rcore ~ and a2.
Inaddition,it isassmd thatthefrictionfactorsfl and f2 and

theStantonnumbers% and St~ oftheparticulargeometryareknown

asfunctionsoftherespectiveReynoldsnumbersRel and Re~. Such
informationisincludedin reference1 fora largenumberofgeometries.
In addition,theflowconfigurationfortheheatexchangerisprescribed
as crossflow.

ReqtiredEffactivenessandNumberofTransferUnits

Theheat-transferPar-ter Tu,whichusuallyisreferredtoas
%mmberoftransferunits,1’canbe determinedasa functionofthethermal
effectiveness11~oftheheatexchanger.Diagramsforthisrelationare

presentedin reference1,andtheexamplefora crossflowheatexcha~r
isreproducedinfigure2.

Thethermaleffactivenessis definedas

%= Ti,~-Ti ~I (2)>ThetemperaturedifferenceAT- is thelargerofthetemperaturedif-
ferencesATl and AT2,andthevalueof VT willbe consideredpositive
regardlessofthesignoftherightsideofequation(2). Theeffective-
ness VT canbe calculatedfromtheinformationprescribedfortheheat

exchanger.Theheat-transferparameterTu canthenbe readfromfigure

2 forcrossflow.

Theaimofthecalculationisto determinethedimensionsoftheheat-
exchangercore(~, L2Yand Ln infig.1). Inaddition,thevelocities

withwhichthetwoflui.dsentertheheatexchangerarenotknown.In-
steadofthevelocity.theReynoldsnuniberwillbe used,sincetheinfor-

“.

mationonfrl.ctionfactorsandStantonnmibers
tionofReynoldsnumber.Thismsansthatfive
and Rez)areconnecte-dwiththeproblemj and,
mustbe foundtodeterminethesevalues.

isusuali.ygl.venas a func-
unkUOW_M (%Y L2j Lny R+

therefore,fiveequations

— —.—. —.. ————— .—-— —--
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Flow-ContinuityEquation

Twoequations= availablethatdescribethe
thetwofluids.Themassflowoffluid1 entering
givenby theequation

? = 5G1

flowcontinuityfor
theheatexchangeris

(3)

WiththeexpressionsforReyno~ n-r andfree-fl~~~ Rel= G1dl/Pl
and A~ = rJIL~,equation(3)canbe transformedinto

WI
ml “ “1% ~ %2% (4)

A correspondingequationcanbe obtainedforfluid2 by interchangingsub-
scripts 1 and 2.

Pressure-DropEquation

Twoequationsarealsoav~lablethatdescribethepressuredropof
thetwofluidsintheheatexchanger.Generally,thepressuredropofa
fluidflowingthrougha pass~ is describedby thefollowingequation
(seeref.1):

AA

[
=* [Kc+l- ()

‘exu2)+2—
4

-1 +f+>-(l-a%Qv V)
Pi ‘i i vi

Thefourtermswithinthebracketsofthiseq-tiondescribetheentrance
loss,thepressuredropconnectedwiththeaccelerationduetoheatingof
thefhid, thepressuedropcausedby friction,andtheexitpressure
IOSS, respectively.Thef~tors ~ ~d ~ describingtheentrance
andexitlossesmaybe foundinreference1 andaregenerallyfunctions
ofReynoldsnmiberRe andtheratiooffree-flowareato frontalarea
u. H thetwofluldswe assumedtobe ided gases,thespecificvolumes
csnbe expressedas

Wi R(Ti-I-AT)
vi=~ and ‘ex= Pi -Ap

(6)

Theaverage
ofequation

specificvolumeappearingin the
(5)isapproximatedby

vi + vex
v=m 2

thirdterminthebrackets

(7)

UI
+mto
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By useofthe

andequations

parameters

Re=~
A 4L

and ~=~

(6)and(7),equation(5)is transformedinto

7

(8)

(9)

Algebraicsignsmustaccompanythevalueof A!I?.@T ispositivefora
temperatureriseandnegativefora temperaturedrop.) Twosuchequations
maybe written,oneforeachfluidflowingthroughtheheatexchanger.

Heat-!Ikansferand8urface-EffectivenessEquations

A fifthrelationshipmaybe obtainedby considerationoftheheat
transferintheexchanger.Theequationdefiningthenumber~ftransfer
unitsis

The

when
ble,

1

(

value(mcp)tinisthesmallerofthetwovalues%Cp,l and m c2 p,2”
wer-allheat-transfercoefficientU, is givenby

1 1—=—
‘1 n@-J-

thethermalresistancein the
whichusuallyisthecasefor

-L

+
1
A2

~o,2qh2

primarysurface
gas-to-gasheat. .

toronthefightsideofequation(10)mayalsobe

(1.1)

is considerednegligi-
exchan~rs.Thenuuwra-
writtenas A.-#2where

theover-allheat-transfercoefficientU2 isproperlydefined(inter-

changingindexes1 and2). It isassumedin equation(M.)thatthere-
sistancetoheatflowthroughthewall.oftheprimaryheat-exchangersur-
facecanbe neglected.Theresistanceofheatflowthroughextended

_.— .. —.——. ..-— .— — —.——— .— --————— —.. .
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heat-exchan~rsurfaceareas(finsthatmayexistonbothheat-exchanger
sides)aretakenintoaccountby thecorrespoutingsurfaceeffectiveness

Thesurfaceeffectivenessno
ofthefinsthemselves~ by the

is connected

equation

withtheeffectiveness

- n.J

Relationsforthefineffectivenessareavailableonlyfor
simplegeo~trieslikefinswithrectangularortriangular
onplanesurfacesoroncirculartubes,orforcylindrical

(12)

compsxatively
crosssections
orconicalfins.

Foractualheat-exchangergeometriestheconfigurationsareoftenconsider-
ablymorecomplicated,andthefineffectivenesshasin thiscasetobe
estimatedfromthesimplegeometrythatcomesclosesttotheactual.one.
Inverymany cases therelationfora rectangularfinona planewallis
usedforsu>h
theequation

anapproximation.Thisfinef~ectivenessis‘&scribedby

heat-transfer

~f=$-hl’%’
coefficientin

h=

thisequationis givenby

pc
-# ReSt

(13)

(14)

RLme 3 showsthevaluesofthefineffectivenessof straightfins.
Alsoincludedarecurvesforfinsofrectangularcrosssectionon cylindri-
cd- surfaces. Accordingto theprecedingrelations,thefineffectiveness
hastobe regardedasa functionofReynoldsumber.

Forthepresentcalculationthefluidwiththelargertemperature
changeintheheatexchangerwillbe denotedasfluid1 (~ = ATl).
Thenthefluidwiththesmallervalueof mcp isfluid1 (mcp)mn= mlcp)1.

Consideringthis,combiningequations(10)and(n), andintroducing

A~
h= GcpSt, Re=~, and Al –%= al al (15)

givetheequation
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Equations(4)and(9)forfluids1 and2 andequation(16)arefiverela-
tionsthatcantiusedto deter@nethefiveunknownparameters.TIEequa-
tionscannotbe solvedanalytically,sincethefunctionsf, qo,and St
arecontainedwithintheequationsandaregenerallygivenasfunctionsof
Reynoldsnumberin graphicalform. Thelengthparameters ~, L2,and ~
arenotconnectedwithanyempiricalfunctions;therefore,theycanbe
eliminatedfromtheequations.Theresultofthisprocedureis a system
oftwoequationsforthetwoparametersRel and ‘e2Jwhichhavetobe

solvedby somegraphicaloriterationprocedure.However,theseequations
becomequiteunwieldy,andit ismoreadvantageoustousetheoriginal
systemoffiveequationstoobtainaniumwdiatesolution.Theprocedure
describedin thefollowingsectionwasevolvedaftera largenumberof
trialsastheonewhichmostrapidlyleadsto a solution.

CAli3UIATIONPROCEWRE

Intheproposedproceduretheaimis to determinethedimensionsof
a crossflowheat-exchangercore;therefore,equation(9)is solvedfor L:

( )[1-
A~ 1+~
Pi p~Ap2d2

L=$ ‘i ~-ce—-

1

&c (17)
2-— 1-~+= p2TipiR(Re)2

i% Pi

where

and

cC=(K+-U2)

Ce=(l+u2+Ke)

Equation(17)isusedto determinethelengthsofthepassagesfor%oth
fltids1 and2. Ithastobe keptinmindthattk initialstate,the
pressuredropofthefluid,andtheheat-exchangergeometrytillbe dif-
ferentforeachequation.A&&n, asnotedinequation(9),theproper
signmustaccoupnyAT. Equation(1)canbe writtenintheform

—— — ——.—.—— . .—— —.-



10

m2=- ‘lcp,l~
mzcp,2 1

NACATN 3655

(18)

By usingequation(4)forfluids1 and2,equation(18)becomes

(19)

co
$1w

Rel L2
AT2=-K—1 Re2~%

where the constantK1 is

K1.~,l%ti”l.——
p,2‘1~2‘2

Inequations(16),(17)(forbothfluids),and(19)thelength~
doesnotappear,sothatthefourunknownsremainingintheequationcan
be calculated.Aftertheseparametershavebeenobtained,thelength~
canbe calculatedfromequation(4). Toobtainthefourunknownparam-
etersitisbestto startby assminga valuefortheReynoldsnumberRel.
Thenthelength~ is calculatedfromequation(17)forfluid1,Rez
fromequation(16),and L2 fromequation(17)forfluid2. Equation(19)
is nowusedto calculatethevalueAT2. A comparisonofthisvaluewith
theprescribedvalueindicateshowgoodtheoriginalassumptionof Rel
was. Byiteration,repeatingthesamecalculationprocedure,thecorrect
valuesof Re2 andalltheremainingparametersaredetermined.

Thedescribedprocedureis effectivewhenonlya fewcalculations
ona specificheat-exchan~rgeometryhavetobe made. If,however,a
largenumberof suchcalculationshavetobe done,thecalculationcan
be considerablyfacilitatedby theuseofchartsinsteadoftheequations.
Figure4 indicatesschematicallythechartsthathavetobeprepared.
ChartI is obtainedby a solutionofequation(17)forfluid1 andgives
theconnectionbetweenRel and L1 fora specificheat-exchangercon-
figurationwithprescribedentranceconditions,prescribedtemperature
drop ATl,andprescribedpressuredropsAp. ChartII is obtainedfrom
equation(16)andchart1, andpresentstheconnectionk&weenthetwo
ReynoldsnumbersRel and Re2. Thechartis calculatedby assuminga

valueof Rel. Fromchart1,thecorrespondingvalue ~ canbe obtained,
andinsertingtheparametersRel and ~ intoequation(16)theparam-
eter Re2 is obtained.Thechartisbasedonthesameprescribedcondi-
tionsaschartI. ChartID presentsequation(17)forfluid2 andde-
scribestheconnectionbetweenRe2 and L2 forvsxiousvaluesof AT2.
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Inusingthesechartsitisactuallyadvantageousto startwithan
assumedReynoldsnumberRe2. ChartII givesthecorrespondingReynolds
numberRel,chartI thecorrespondinglength~, andchartIIIthecorre-
spondinglengthL2. Equation(19)isnowusedto checkthevali~tyof
theassumedReynoldsumber Re2. ThetemperaturedifferenceAT2 is
calculatedwiththisequationandcomparedwiththeprescribedtempera-
turedifference.Theprocedurehastobe repeatedwithvariousassumed
parametersRe2 untilthetemperaturedifferenceobttinedfromequation
(19)agreeswiththeprescribedtemperaturedifference.Thisiteration
procedurecanbemadein chartIIIin thefollowingway: Foreach L2
valuetheactualvalueofthetempratumdifferenceAT2 calculated
withequation(19)isinserted.A curveis drawnthroughthe AT2 values,
whichme obtainedfromequation(19);wherethiscurveintersectsthe
horizontallinethroughtheprescribedAT2,thecorrectvaluesof ~

andReynoldsnumberRe~ arefound.

ChartII canbe preparedforthesituationinwhichthesurfaceef-
fectivenessTO varieswithReynoldsnumberasprescribedbefore.In

actualcalculationsitwasfoundthatthevariationofthesurfaceef-
factivenesswithReynoldsnmber overa considerablerangeis cowtive -
ly small;therefore,a simplificationoftheprescribedcalculationpro-
cedureispossibleby assuminganaver% valueofthesurface
effectiveness.

Thedescribdcalculationprocedu willbe demonstratedona numeri-
calexampleinthefollowingsection.

NUMEIUCAL13xAMmE

PrescribedContitionandGeometry

Thespecificconfigurationtobe usedinthisexampleis a finned-
tubearrangement.Theheat-transfer,friction,andgeometrycharacteris-
ticsarepresentedinfigure5. ~s informationwasobtainedfromref-
erence1. Thefhid conditionsoneachsideoftheheatexchangerare
assumedasfollows:

——.— —__— ____ . . . .- — .— -—— ~—— ._. _
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Fluid1 Fltid2

~ ~ = 1410°RT T. = 880°R
) 1,2

Pi,l= 5300lb/sqft pi z = 1080lb/sqft
>

Ap7= 1000lb/sqft ApO= 400lb/sqft
J-

~ = 2.70m

A temperaturedrop
thefluidonbothsides
tube,andfhid 2 flows
assumedconstantinthe

lb/see 5.40lb/see ~
‘2 = to

%
of -3CQ”isprescribedforfluid1. Airis

oftheheatexchanger.Fluid1 flowsinsidethe
alongthefins. Thespecificheatofair CP ‘s
temperatureraw considered:therefore,theratio

of ml/~ isapproximately-equalto ~2/ATl (eq.(~8)). For&l.sexam-
Ple~~/m2 = 1/2,ATl= -300;andtherefore~z mustequal150°.

ReqtiredEffectivenessandNumberofTransferUnits

Theeffectivenessoftheheatexchangeris givenby equation(2):

-300
I1410- &30 = 0“566

Withthe
mcp,@p, 2 =
fromfigure2

specificheatsofthe
0.5,andthereqdred

is 1.068.

MethodofDeterminingLengths

twofluidsassumed
numberoftransfer

constant,
units Tu obtained

andHeat-TransferRequLrewnts

Chartforheat-exchangerlengthL1.- Theclwrtofequation(17)for
fluid1 ispresentedinfigure6 fortherequiredtemperaturedropof 3~”
Forthisex&mple~ and‘~ forthetern-Cc and-Ce,respectively,

in equation(17)aresetequalto zero.However,valuesof Kc and K&
arereadilyavailableinreference1. Theinitialstateoftheairwas
givenpreviously.Theviscosityv isbasedonthearithmeticalmeanof
theinletandoutlettemperatmes.Whenthedimensionshavetobe deter-
minedexactly,thecalculationprocedureshouldbe repeatedwithviscos-
itiesbasedonfilmtemperature.Forpreliminarycalculationstheintro-
ductionofviscosityatbulktemperatureappearssufficient.Thehydrau-
licdiameter(~ = 0.018ft)andtheratioofthefree-flowareatothe
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frontalarea(al= 0.219)aredeterminedfromthe

configuration(seefig.5). Thefrictionfactor
equationpresentedin reference2 forflowinside

13

geometryofthecore

f is obtainedfromthe
rectangulartubes

(f= 0.050Re-0”2). At thispointtherangeof Re is arbitrsrrilychosen,
sincefrictiondataforrectangulmtubesarereadilyavailable.

Chartforheat-transfereqmtion.- Thechartofequation(16)is
showninfigure7. Becauseofthefinned-tubearrangement,VO,l= 1.0.
Againtheviscosityv andspecificheat CP arebasedonthearithmeti-

calmeantemperatureoftheinletandoutletconditions.Onfluid2 side,
‘2= 0.0118feet,andtheheat-transfersurfaceareaperunitvolume

a2 = 229squarefeetpercubicfoot(seefig.5). Thevaluesfor dl and
al forfluid1 sideusedin equation(17)areusedhere,and ~ = 48.76

squarefeetpercubicfoot. Thevalueof Tu (1.068)wasdeterminedprevi-

ously,andvaluesof ~ forthecorrespondingassumedvaluesof Rel
canbe determinedfromfigure6. TheStantonnumberSt forfluid1 side
wasdeterminedfortheassumedRel by theequation

-O.2,~2/3St= 0.019Rel

as7-veninreference2 forflowin rectangulartubes. (Thevaluesof-2 3 areassumedtobe 0.75forfluids1 and2. Forthecondi-
tionsimposedonthisheatexchanger,aneffectiveness~o,2

of 0.80

isassumed.Iftheheat-transferresultsoffigure5 areplottedas
(Rest)z againstRe2 (fig.8),valuesof Re2 canbe readilydeter-
minedforvaluesof (ReSt)2.

TheEtits ontherangeofReynoldsnunbersRe2 tobe considered
inthisexpressionareprimaxllydeterminedlytheavailabilityofthe
dataonthefinsideoftheheatexchanger.ForthisexampleRe2 ranges
fromabout300to 10,000.Thislimitationfixestherangeof Rel,which
inturndeterminesthe Rel rangeinfigure6.

Chartforheat-exchangerlengthL2.- Thechartofequation(17)for
fltid2 is presentedinfigure9. Again,Kc and & aresetequalto
zero.Thegeometry,state,andpropertiesofthefluidaretakenforthat
offluid2 sideoftheheatexchanger.Thefrictionfactorf forthis
equationis obtainedfromthedatapresentedinfigure5.

— ————..— _...——.— __— —
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In theANALYSISsection,Rel wasassumedand Re2 wasdeterurlned
fromequation(16)fortheassmnedRel. Thiswasnecessarybecause~

appearsin therightsideofequation(16)and,accordingtoequation(17),
is alsoa functionof Rel. Fortheactualcalculationoftheheat-
exchangersizeby useofthechartspresented,however,thisprocedureis
alteredslightly.Thechartpresentedinfigure9 containsa seriesof
curvesforvaluesof Re2,whicharespacedatintervalsofeither250,
500,or1000. To avoidunnecessmyinterpolation(assmedvaluesof Rel a
wouldnotnormallyyieldvaluesof Re2 usedastheparameterforthe sm
curvesshowninfig.9),it appearsadvisableto assumea valueof Re2
anddeterminethecorrespondingvalueof Rel fromfigure7. A step-by-

stepoutkineofthecalculationprocedurewhichemploystheuseofthe
chartsis giveninthefollowingsection.

Useof chartsto determine‘2 and %“ - Theproceduretousein

determiningtheheat-exchangerlengthsonthesidesis asfollows:

(1) Assumean Re2 (70C0)andfindthecorrespondingRel(29,400)

fortherequiredTu (1.068)fromfigure7.

(2)FortheassumedRe2 (7000)andgivenAT2 (150),find L2 (7.8
in.)fromfigure9.

(3)Usingfigure6,for Rel. 29,400and ml . 3(X),~ = 29.5
inches.

(4)Makethenecessarysubstitutionin equation(19),solvingfor
AT2:

‘2= -[(-)(%)(s)(-j(2;%)(%)(-300
~2= 82.2°(Cp assumedconstant)

Thistemperaturedropis notin agreementwiththerequiredvalueof
AT2= 150°,andthecalculationprocedurehastobe repeatedwitha new
assumptionfor Re2.

(5)If a lowervalueof Re2 (Re2= 60(X))is assumed,Rel= 28,800

(fig.7). Repeatingsteps(2),(3),and(4)gives L2= 11.2inches,

~ = 30.8inches,and N?2= 129.3°.Thevalueof Re2= 6000is Still

toohigh.
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(6)An assumedvalue

inches,L1= 31.9inches,

I-5

of Re2 = 50@ givesan Rel= 28,000,L2 = 16.9

and A1’2= 219.8°.Thisvalueof Re2 is slight-
lylowjhowever,forestimatingpurposes,thisvaluemaysatisfythe
calculations.

(7)If,however,a moreexactvalueisrequired,theresultsofequa-
tion(19),forthethreeassumedvaluesof Re2,canbe plottedonfigure
9. Thesepointsare AT2. 82.2°and L2 = 7.8inches,&T2=129.3°and
L2= 11.2inches,and AT2= 219.8°and L2. 16.9inches.A curvecan

be drawnthroughthethreepoints.Theexactvalueof L2 isreadfrom
theintersectionofthiscurvewitha horizontallineatthegivenpre-
scribedvalueof AT2 (at AT2= 150°,L2 = 12.45in.andRe2= 5750).

(8)Returningtofigure7,when Re2= 575o,Rel.28,600and
~ = 31.00itlChE3S(fig.6).

No-Flow-Ien@hCalculation

By useofequation(4),theno-flowlength~ canbe readilydeter-
mined.Inthisexample,

L=
2.70x0.618x12 = 0.334ft = 4.00in.u

28,600X225X10-‘XO.219!Q2.45

Surface-EffectivenessCheck

Forthisexampletheheat-transfercoefficient
(see)(sqft)(%), theconductivityofthemetalwas

8.89x10-3Btu/(sec)(ft’)(%),thefinthicknesswas
andthefinlengthZ = 0.316/24feet. Fromfigure
z~-= 1.147,Vf= 0.72. Substitutiwqf value:inequation(12)

WaS~.2~0-3 Btu/
assumedtobe

s = 3.33x10-4feet,
3.for

gives

qo=l -:(l-qf)
= 1- 0.795(1- 0.72)

= 0.78

a valuewithinreasonableagreementwiththeassumed0.80.

●
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CHECKOFPROCEDURE
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Thedimensionsoftheheat-exchangercoreevolvedfromthisprocedure
wereusedin a conventionalcalculationprocedurepresentedin reference
1 fordeterminingthepressuredropandtemperaturechangeswhenthecore
dimensionsareknown.Forthisexamplethepressuredropweed within
2 percentandthetemperaturechangewithin4 percentwiththeinitially
assumedvalue.Thelatterdeviationismainlycausedby thelimitedac-
curacywithwhichvaluescanbe readin theleftpartoffigure2 andcan
easilybeimprovedby referringtotabulatedvaluesinreference1. al+

$

LewisF13.ghtPropulsionLaboratory
NationalAdvisoryCommLtteeforAeronautics

Cleveland,Ohio,I!ecemb-er8,1955

Fm?ERENcEs
1.Kays,W.M.,andLondon,A. L.: Compact‘HeatExchangers- A Summary

of13asicHeatTransferandFlowFrictionW signData.Tech.Rep.
23,Ikpt.Mech.Eng.,StanfordUniv. Nov.15,1954. (Contract
N6-ONR-251,TaskOrder6 (NR-065-104~forOfficeNavalRes.)

2.Kays,w.34.: BasicHeatTransferandFlowFriction12esignDatafor
GasFlowin CircularandRectangularCylindricalTubeHeatExchang-
ers. Tech.Rep.14,Ikpt.Msch.Eng.,StanfordUniv. June15,
1951. (ContractN6-ONR-251,TaskOrder6 (NR-065-104~forOffice
Naval.Res.)
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Figure5. - Heat-transferandfrictiondataforfinned-tubeheat-exchanger
core(ref.1,fig.102).
Finarea/totalwrea,@A... . . . . . . . . . . . . . . . . 0.795
Finpitch,l/in. . . . . . . . . . . . . . . . . . . . . . . . 9.681
Finthichemj sjln. . . . . . . . . . . . . . . . . . . ...0.004
Hydraulicdiameter,finside,d2,ft . . . . . . . . . . . . .0.0118
Hydraulicdiameter,tubeside,dl,ft . . . . . . . . . . . . . 0.018
Free-flowarea/frontalarea,flnaide,U2 . . . . . . . . . . . 0.697
Eree-flowsrea/frunt&Larea,tubeside,U1 . . . . . . . . . . IJ.219
Heat-tranafersrea/volume,fineide,~, sqft/cuft . . . . . 229
Heat-transferarea/volume,tubeside,al,aqft/cuft . . . . . 48.76

——— -.— . .. . _ ————— .—. — -.. —.—.— . .
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Figure 6. - Graphicalrepresmtationof equation(17) for specifiedinletcondition,
temperatureand pressuredrops,and flow geometryfor fluid1.

@l, lb/~ ft . . . ..lOOO dl. . . . . . ...0.018

Pi,l, lb/aqft . . . . 5?KM ‘1””
WIJ w’:”” ‘.: : : “ ‘w. 2.70

Ti,l, % . . . . ...1410

%“”””””””” 0.219 i!
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FipJme 9. - Graphicalrepresentationof equation (17)for ~cjfied inlet conditions,
pras~ drop, md flow gecmetryfor fluld 2 for variatlom in teupratmw rise.

&2,1b/Bq’ft . . . ..4C0 d2 . . . . . .. O.697

API,2,lb/Eqft . . . mm ~, ft . . .. O.OU8
Ti,2,0R ...860.860 m2j lb/Eec. . , , 5.4


